Identifying influential nodes in the complex networks is of theoretical and practical significance. There are many methods are proposed to identify the influential nodes in the complex networks. In this paper, a local structure entropy which is based on the degree centrality and the statistical mechanics is proposed to identifying the influential nodes in the complex network. In the definition of the local structure entropy, each node has a local network, the local structure entropy of each node is equal to the structure entropy of the local network. The main idea in the local structure entropy is try to use the influence of the local network to replace the node's influence on the whole network. The influential nodes which are identified by the local structure entropy are the intermediate nodes in the network. The intermediate nodes which connect those nodes with a big value of degree. We use the Susceptible − Inf ective (SI) model to evaluate the performance of the influential nodes which are identified by the local structure entropy. In the SI model the nodes use as the source of infection. According to the SI model, the bigger the percentage of the infective nodes in the network the important the node to the whole networks. The simulation on four real networks show that the proposed method is efficacious and rationality to identify the influential nodes in the complex networks.
I. INTRODUCTION
The complex networks is a system which composed of many interacting parts [1, 2] . There are many real systems can be modeled as the complex networks. Identifying influential nodes in the complex networks is of theoretical and practical significance. There are many methods have proposed to identify influential nodes, such as the degree centrality, the betweenness centrality and so on [3] [4] [5] .
The degree centrality method is very simple but can not illuminate the global characteristic. The betweenness centrality method is useful but can not been implemented in the big scales complex networks. In order to find a more reasonable method to identifying influential nodes in the big scales complex networks, we proposed a new method which has merged the statistical mechanic and the degree centrality of the complex networks which is named local structure entropy of the complex networks .
The local structure entropy is defined based on the shannon entropy and the degree centrality. The results of our test show that the proposed method is useful and efficient.
The rest of this paper is organised as follows. Section II introduces some preliminaries of this work, such as the definition of the shannon entropy, the degree centrality and the betweenness centrality. In section IV, a new method to identifying influential nodes in the complex networks is proposed. The application of the proposed * ydeng@swu.edu.cn; prof.deng@hotmail.com method is illustrated in section V. Conclusion is given in Section VI.
II. PRELIMINARIES
In this section, we introduce some core concepts which will be used in this paper.
A. Degree centrality
The degree of one node in a network is the number of the edges connected to the node. Most of the complex networks' properties are based on the degree distribution, such as the clustering coefficient, the community structure and so on. In the network, k i represents the degree of the ith vertex [2] . The details of the degree centrality are shown in the Fig 1. 
B. Betweenness centrality
The betweenness centrality is an important index which can be used to illuminate the importance of the nodes. It is defined based on the shortest path of the network [6] .
The betweenness centrality of the complex networks is defined as follows [6] :
FIG. 1. In the network, depends on the degree the nodes can been classified into different set. In the set S1 = 2, 8, 6 each node's degree is equal to 1. In the set S2 = 1, 5, 4 each node's degree is equal to 2. In the set S3 = 7 each node's degree is equal to 3. In the set S4 = 3 each node's degree is equal to 4. The degree is the simple and reasonable characteristic use to describe the structure property of the complex network.
FIG. 2.
The vertex 1 in the figure connect the region A and region B. The degree of the vertex 1 is 2, but all shortest path from the nodes in region A to the nodes in region B have to go to through the vertex 1. The vertex 1 have a small value of degree but a large value of betweenness. In fact, vertex 1 is here a cut-vertex; its removal will break the network into two disconnected components.
In the Eq. (1), the σ st is the number of the shortest path from vertex s to vertex t, υ(i) is the number of the shortest path which have go to through the vertex i [6] . The details of the betweenness centrality is shown in the Fig.2 . However, it is clear that the betweenness centrality is hard to calculate when the network has a big scale.
C. Shannon entropy
The shannon entropy which is named as the information entropy [7] is the basic of the information theory. In the information theory, the shannon entropy is used to measure the unpredictability of the information content. In other words, the shannon entropy is used to measure the uncertainty in the system which is described by the probability theory.
The classical form of the Shannon entropy is defined as follows [7] .
D. Susceptible and infective model in the network
In order to improve the influential of the nodes. We use the SI model (Susceptible and infective model) in the network. The process of the infection can be divide into three steps:
Step 1: Choosing one of the node as the source of infection. Set the times(Inf ect − T ) of the infective node to infect other normal nodes.
Step 2: Find the neighbour node of the infection source node. Infecting the neighbour nodes randomly of an probability. Repeating this process in Inf ect − T times.
Step 3: After Inf ect − T times infection, check the numbers of the infective nodes in the network. Calculating the probability of infection.
The probability of the infection represents the influence of the nodes in the network. The value of the infective times in the process is decided by the scale of the network. The large the scale of the target network, the big the value of infective times.
III. SOME PROBLEMS IN THE EXISTING METHODS
There are many methods can be used to identifying the influential nodes in the complex networks, such as the degree centrality, the betweenness centrality and so on [8] [9] [10] . However, in the large scale networks to calculate the betweenness centrality is inefficiently. The degree centrality is lack of information to describe the special nodes' structure property in the large scale network. The details are shown in the Fig. 3 .
Based on the existing researches, the degree centrality is a effective method to identifying the influential nodes in the complex network. However, it is an incomplete method. The degree centrality of the nodes only have considered the direct connection to the target node. There are so many nodes in the complex networks which is in the same structure property of the node 7 in the Fig.3(d) [11, 12] . This kind of nodes have a small value of degree, but a big influence in the local network. In order to describe the structure of the complex network more effective and more convenient, we proposed a new method based on the degree centrality and the shannon entropy. The node 8 has a big value of degree. In the local network around node 8,depends on the degree centrality, the node 8 is the veritably central node. In the subfigure (c), the 3 nodes have an equality relationship to each other. In the subfigure (d), the node 7 has a small value of degree. In other words, depends on the degree centrality the node 7 has a small influence to the whole network. However, from the global view the node 7 connect two nodes which have a big value of degree, it mean the node 7 is important for the whole network. The degree centrality can not be used to describe the nodes which have the same structure property of nodes 7 and the betweenneess centrality can not be used in the large scale network. It need a new method to describe those nodes which have the same structure property of nodes 7.
IV. LOCAL STRUCTURE ENTROPY OF THE COMPLEX NETWORKS
Because of the effective and convenient of the degree centrality [13] [14] [15] [16] [17] [18] , the new method proposed in this paper is based on the degree centrality too. However, in the new method, the influence of the neighbour nodes of the target node is considered.
The main idea of the definition of the new method is that the influence of the target node's neighbour is contained. Therefore, a local network around each node is established by us. The influence of the node on the whole network is replaced by the influence of the local network on the whole network.
There are many researches of complex network are based on the statistical mechanics [19] [20] [21] , such as the information dimension [22, 23] , the structure entropy [5] . The researches show that the statistical mechanics is an useful method to describe the structure property of the complex networks. The structure entropy of a network is used to describe the structure complexity of it. The more the complex of the network, the big the value of the structure entropy. Depends on this definition of the structure entropy, the influence of each node can be described by the local network's structure entropy.
Depends on the definition of the local network, the degree centrality and the shannon entropy, a local structure entropy of the complex network is proposed in this paper to identifying the influential nodes in the complex network.
The definition of the local structure entropy can be separate into three steps:
Step 1 Creating a local network: Choosing one of the node in the network as a central node of the local network. The neighbour nodes of the central node is contained in the local network. In other words, the local network of each node in the complex network is a part of the complex network which contains the target node and the neighbour nodes of it.
Step 2 Calculating the unit of the local structure entropy: Calculating the degree of each node in the local network and the total number of the degree in the local network. The unit of the local structure entropy can be represents as the p ij , it is defined in the Eq.(4).
Step 3 Calculating the local structure entropy of each node: The definition of the local structure entropy for each node is shown in the Eq.(3).
Where the LE i represents the local structure entropy of the ith node in the complex networks. The n is the total number of the nodes in the local network. The p ij represents the percent of degree for the jth node in the local network. The definition of the p ij is shown in the Eq.(4).
The detail of the process to calculate the local structure entropy is shown in the Fig.4 .
In order to show the reasonable of the local structure entropy to identify the influence of the nodes in the network, a network with 21 nodes and 33 edges is used as FIG. 4 . This figure is a part of the Network A shows in the Fig.3 . The central node in this local network is the node 8. The local network contains 7 nodes. The degree of the nodes in the local network is different to each other. The total number of the degree in the local network is equal to 19. The degree of node 7 is 2, the degree of node 13 is 2, the degree of node 9 is 4, the degree of node 11 is 1, the degree of node 10 is 3, the degree of node 12 is 1 and the degree of node 8 is 6. The definition of the pij is shown in the set S8. The S8 = p81, p82, p83, p84, p85, p86, p87. The p81 = degree (7) 19
. The local structure entropy E8 of the node 8 is equal to 1.867.
an example to identify the most influential nodes in it. The network is named N etworkB. The value of the degree, the betweenness, the local structure entropy of each nodes in the N etworkB are shown in the Table I . According to the existing method and the proposed method, the most influential six nodes in theN etworkB are identified by those methods. The details are shown in the Table II . In the six most influential nodes in the N etworkB which are identified by the local structure entropy, the top three influential nodes are the same as the nodes identified by the degree centrality and the other three nodes are the same as the nodes identified by the betweenness centrality. It means that, in the N etworkB, the local structure entropy contains some property of the betweenness centrality. In order to show more details of the nodes identifying by the local structure entropy we have point those most influential nodes in the Fig.5 From the Fig.5 , we can see that the nodes identified by the local structure entropy are in the middle of the nodes which have big value of degree. In other words, the nodes identified by the local structure entropy are the nodes which have small value of degree but a series of important neighbour.
V. APPLICATION
In this section, the local structure entropy of the complex network is used to identify the influence of the nodes in those real networks, such as the Zachary's Karate Club network [24] , the US-airport network [25] , Email networks [25], the Germany highway networks [26] and the protein-protein interaction network in budding yeast [25] .
A. The property of the local structure entropy First, we use the Zachary's Karate Club network [24] to show the property of the proposed method. The result is shown in the TableIII. The top six important nodes have identified by the betweenness centrality, the degree centrality and the local structure entropy. The results of our test on the Zachary's Karate Club network [24] show that the local structure entropy can identify the nodes connect those node's have big value of degree.
B. The difference between the local structure entropy and the existing methods to identify the influences nodes in the US-airport network [25] In order to prove the rationality of the proposed method, we use the SI model to infect the most important nodes identify by different methods in the US-airport network [25] . The results are shown in the Table IV. The nodes number in the US-airport network [25] are equal to 332, so each step in the process contains 1 times infection. It means that, each infective node has one (a)The Zachary's Karate Club network [24] (b)The nodes in the colour of yellow is the top six important nodes in the Zachary's Karate Club network [24] which are identified by the betweenness centrality (c)The nodes in the colour of yellow is the top six important nodes in the Zachary's Karate Club network [24] which are identified by the degree centrality (d)The nodes in the colour of yellow is the top six important nodes in the Zachary's Karate Club network [24] which are identified by the local structure entropy
FIG. 6. It is clear that depends on the degree the Zachary's
Karate Club network [24] can be divided into three parts. The degree centrality can identify the central node in the parts. In the figure the local structure entropy can identify the nodes connect the central nodes in the different parts.
chance to infect other neighbour nodes in a step. The tables show as follows illuminate the proportion of infective nodes in the network in each step. The figures show the process in directly. Because the plot in the step 3 and step 5 is not clear, so we have create two subfigure in every figure.
The Fig.7 and Table V show the proportion of the infective nodes in the network of each step. The infection source nodes show in the figure and table are identify by the betweenneess centrality. The results show that in the first step, each node which has been identified by the betweenness centrality has a small percentage of infection. (b)The details in the step 3. It means that most of the nodes have a small value of degree, so that they can not infect many nodes in the first step. In the step 2, step 3, step 4 and step 5, most of the nodes which are identified by the betweenness centrality has a small percentage of infection too. It means that depends on the SI model, the nodes seems not so important to influence the whole network.
In the Fig.8 and the Table VI, the infection source nodes are identified by the degree centrality. In the first step, each node has a large percentage of infection. It means that the nodes which are identified by the degree centrality have a large value of degree and most of them can infect a lot of nodes in the network. In the Fig.9 and the Table VII, the infection source nodes are identified by the local structure entropy. In the first step, most of them have infected a small percentage of the nodes in the networks. It means all of them have a small value of degree. However, follow the continue of the process of infection, the percentage of the infective nodes in the network is growing and most of the nodes in the network can be infected. It means that, depends on the SI model, those nodes have an larger influence in the US-airport network [25] .
C. The influential nodes in the reals networks
In this subsection the influential nodes in the Email networks [25] , the Germany highway networks [26] and the protein-protein interaction network in budding yeast [25] are identified by the local structure entropy. The results are shown as follows. The infection processes of the influential nodes in the Germany highway networks [26] are shown in the (b)The details in the step 3. X and Fig.11 . It is clear that in the Germany highway networks [26] , after 100 times infection almost half of the nodes in the network have been infected. The nodes which are identified by the local structure entropy have a big influence in the Germany highway networks [26] . (a)The process of the infection the nodes in the Germany highway networks [26] which are identified by the local structure entropy (b)The details in the step 3. FIG . 11 . The infected proportion of the most important nodes in the Germany highway networks [26] which are identified by the local structure entropy.
budding yeast [25] are shown in the Table XI and the Fig.12 . The results show that the nodes which are identified by the local structure entropy have an stable and big influence to the protein-protein interaction network in budding yeast [25] . The details of our research show that the local structure entropy can identify those nodes which have a small value of degree but have an big influence to the whole network. Most of the nodes which are identified by the local structure entropy are the intermediate connection nodes, they connect those nodes which have a big value of degree.
VI. CONCLUSION
Identifying the influential nodes in the network is one of the most important research direction in the research of complex network. It can be used to identify the leader in the social network. Tt can be used to find the central nodes in the power network. It also can be used in the human disease network to find the main gene which control the health of our human. There are many methods can be used to identify the influential nodes in the network (c)The details in the step 5.
FIG. 12.
The infected proportion of the most important nodes in the protein-protein interaction network in budding yeast [25] which are identified by the local structure entropy.
from different needs. In this paper, the local structure entropy is proposed based ont the degree centrality and the statistical mechanics. The influence of the local network on the whole network is used to replace the node's influence on the whole networks. In our opinion, the local structure entropy can avoid the complex calculation in the traditional methods and merge the influence of the degree and the betweenness of the nodes in the local network. The results of this paper show that the local structure entropy is efficacious and rationality.
VII. ACKNOWLEDGMENT
The work is partially supported by National Natu- 
